Estimating the effects of government debt and deficits on Treasury yields is complicated by the need to isolate the effects of fiscal policy from other influences. To abstract from the effects of the business cycle, and associated monetary policy actions, on debt, deficits, and interest rates, this paper studies the relationship between long-horizon expected government debt and deficits, measured by CBO and OMB projections, and expected future long-term interest rates. The estimated effects of government debt and deficits on interest rates are statistically and economically significant: a one percentage point increase in the projected deficit-to-GDP ratio is estimated to raise long-term interest rates by roughly 25 basis points. Under plausible assumptions these estimates are shown to be consistent with predictions of the neoclassical growth model. JEL classification: E6, H6.
Introduction
Much controversy surrounds the quantitative effects of government debt and deficits on longterm real interest rates. Economic theory provides different answers depending on issues such as whether deficits reflect changes in government expenditures or shifts in the timing of taxes, and on the planning horizon of households who hold government debt and pay taxes.
One might hope that empirical evidence could be brought to bear on this question, but here the results are just as ambiguous. One major obstacle in obtaining empirical estimates is the need to isolate the effects of fiscal policy from the many other factors affecting interest rates. The most obvious of these factors is the state of the business cycle. If automatic fiscal stabilizers raise deficits during recessions, while at the same time long-term interest rates fall due to monetary easing, deficits and interest rates may be negatively correlated even if the partial effect of deficits on interest rates -controlling for all other influencesis positive.
This paper proposes to address this identification problem by focusing on the relationship between long-horizon forecasts of both interest rates and fiscal variables. Deficits and interest rates expected to prevail several years in the future are presumably little affected by the current state of the business cycle, thus greatly reducing the reverse-causality effects induced by countercyclical monetary policy and automatic fiscal stabilizers. Of course, there are many conceivable factors that jointly determine fiscal variables and interest rates, and it is unlikely that a reduced-form regression would ever completely overcome this endogeneity problem, but focusing on long-horizon forecasts is an important step in the right direction.
Moreover, deficits projected several years into the future may be informative about the longer-run fiscal position, and may therefore approximate investors' expectations about the eventual level of government debt relative to GDP. Such measures of expectations thus hold out the prospect of uncovering any causal relationship from fiscal variables to interest rates.
Expectations of future fiscal policy are proxied in this paper by projections published by the Congressional Budget Office (CBO) and the Office of Management and Budget (OMB) for the federal government's unified budget deficit, the stock of federal government debt held by the public, and other fiscal variables, all expressed as percentages of the respective agency's own projection of GNP or GDP. The forecast horizon is five years in the future, which is the longest horizon for which a reasonably long time series of projections is available.
Consistent with the use of 5-year-ahead projections of fiscal variables by the CBO and the OMB, the analysis focuses on expectations of future nominal interest rates derived from forward rates 5 to 14 years ahead embedded in the term structure of interest rates.
The results reported below show that a percentage point increase in the projected deficitto-GDP ratio raises the 10-year bond rate expected to prevail five years into the future by 20 to 40 basis points; a typical estimate is about 25 basis points. The estimates are very precise compared to most of the literature mentioned below. Similarly, a percentage point increase in the projected debt-to-GDP ratio raises future interest rates by about 4 to 5 basis points, and these estimates are statistically significant, too. Importantly, these estimates are shown to be robust along many dimensions. Moreover, under plausible assumptions about the persistence of changes in projected deficits, the estimated 25 basis point effect on interest rates of a percentage point increase in the projected deficit-to-GDP ratio is shown to be consistent with the 4-to-5 basis point effect of an increase in the projected debt-to-GDP ratio.
This study is by no means the first to use published projections of future budget deficits. Cohen and Garnier (1991) and Elmendorf (1993) present results concerning the effect of deficit projections on the change in interest rates between release dates. Like the present one, these studies are based on the weaker assumption (in comparison to Wachtel and Young's) that the deficit projections are good proxies of private agent's expectations of future fiscal policy at the time of the release. The projections used in these studies, as well as in Wachtel and Young, are relatively short -for the current and next fiscal year in Wachtel and Young and in Cohen and Garnier; for up to eight quarters ahead in Elmendorf. Forecasts at this horizon are presumably still affected by the state of the business cycle. Cohen and 1 Other studies using similar event analysis are Elmendorf (1996) and Kitchen (1996) .
Garnier address this problem by using projections for the cyclically adjusted federal deficit, thus in principle eliminating the business cycle effects. Using OMB projections, they find statistically significant effects of a percentage point increase in the projected deficit-to-GDP ratio on interest rates on the order of 40 to 55 basis points. Using DRI forecasts, Elmendorf finds a statistically significant increase in interest rates at maturities up to five years of about 50 basis points, but the effects on long-term interest rates are smaller and statistically insignificant. Canzoneri, Cumby, and Diba (2002) use 5-year-ahead and 10-year-ahead CBO projections of cumulative budget deficits and study their effects on the spread between 5-year or 10-year, and 3-month Treasury yields. Their estimates are of similar magnitude as those reported in Cohen and Garnier and in Elmendorf, but are considerably more precise.
The present study confirms the importance of using measures of long-horizon expectations of deficits and debt for identifying their effects on interest rates. 2 It departs from the previous studies in several respects. Unlike Canzoneri et al., this study uses the level of interest rates expected to prevail 5 years ahead instead of the slope of the term structure.
As shown below, omitting the near-term component from the long-term interest rate measures further helps to identify the effects of the fiscal variables. In comparison to previous studies, I also include additional variables suggested by economic theory in the regressions; doing so again helps to identify more precisely the effects of fiscal variables on interest rates.
Moreover, I present results concerning the effects of both government deficits and government debt on interest rates. Feldstein (1986) argues that the interest rate effects of deficits depend on how persistent these deficits are assumed to be. The relative magnitudes of the estimated effects of deficits and the estimated effects of debt reported below are consistent with the assumption that increases in projected deficits are persistent, but not permanent.
Finally, the fourth section discusses the predictions of the neoclassical growth model -the simplest general equilibrium framework for this purpose -for the relationship between the stock of debt and interest rates. Under plausible assumptions, the empirical results are consistent with the predictions from this model. 2 This point is convincingly illustrated in Elmendorf (1993) . He examines the findings of studies that proxy for expectations of fiscal variables by using forecasts from VARs (see Plosser 1982 , and Evans 1987 . Elmendorf shows that these VAR forecasts are poor compared to projections available at the time, and that the conclusions of these studies are overturned once better measures of expectations are used. For a taxonomy of studies in this area according to their measurement of expectations see Gale and Orzsag (2002) .
The empirical method used in this paper is to regress expected future interest rates on projections published by the CBO and the OMB for the deficit-to-GDP ratio and the debtto-GDP ratio five years ahead, as well as other determinants of long-term interest rates suggested by economic theory. As regards the latter, the Ramsey model of optimal growth, combined with a representative household with CES utility, implies that the net real return on capital, i.e. the real interest rate, is determined by r = σg + θ where g denotes the net growth rate of technology, output, and consumption, σ is the coefficient of relative risk aversion, and θ is the household's rate of time preference. This relationship therefore suggests that both trend growth and risk aversion should play a role in determining yields on risk-free Treasury instruments: an increase in trend growth should raise interest rates, whereas an increase in risk aversion should lower Treasury yields because it raises the demand for safe assets. The regressions reported in the next section are therefore variants of
where r t is the real Treasury yield expected to prevail at some horizon, f t is a fiscal variable, e.g. the projected deficit-to-GDP ratio, g t is a measure of potential GDP growth, and e t is a measure of the equity premium discussed below.
The following discussion of the data used in this study is deliberately kept short; more details can be found in the appendix. The first two are measured as simple averages of one-year forward cyclical deficits; however, the effects of the deficit in any one given year on the stock of debt is generally small. 4 Although this study focuses on government yields, it should be noted that the results are likely to carry over to corporate yields. Based on regression analysis, I find no evidence that yield spreads between corporate bonds and Treasuries, adjusted for cyclical variation, are systematically related to projected deficit-to-GDP rates 5 to 9 years and 5 to 14 years ahead, respectively, calculated from the zero-coupon yield curve. 5 Nominal interest rates are converted into real interest rates using a proxy for 10-year consumer price inflation expectations that is based on survey data for most of the sample; details are provided in the appendix. In some regressions the dependent variable is the real interest rate, whereas in others it is the nominal interest rate; in these latter regressions, inflation expectations are allowed to enter with a coefficient different from 1.
The series of nominal interest rates and expected inflation, sampled in the months of annual CBO releases, are shown in figure 3 .
For trend growth, I use CBO's 5-year-ahead projections of the growth rate of real GNP or GDP as a proxy for agents' views about the trend growth rate of the economy at a given point in time. It is also the growth rate that is consistent with CBO's deficit projections five years ahead. The equity premium, used as a proxy for risk aversion, is calculated as the dividend component of national income, expressed as percent of the market value of corporate equity held (directly or indirectly) by households, minus the real 10-year Treasury yield, plus the trend growth rate. I use the value of the equity premium in the quarter prior to the release of the respective budget projections, assuming that this is the best available forecast of this variable five years ahead. Because the equity premium is a function of the real 10-year Treasury yield, the issue of simultaneity of the dependent variable and this measure of the equity premium is addressed below. Both series are shown in figure 4. Table 1 presents some baseline results, using the real 5-year-ahead 10-year Treasury yield as the dependent variable. It reports the estimated coefficients on the deficit-to-GDP and debt-to-GDP ratios, both expressed as percentages of GDP, trend growth, and the equity premium; the intercept estimate is omitted from all tables. Also shown are the R 2 , the standard error of the regression, the Durbin-Watson statistic, and the number of observaratios. 5 It has often been noted that forward rates are biased predictors of future interest rates, presumably because they include term and/or risk premia. For the 5-year-ahead 10-year interest rate used here, for example, the bias throughout the 1990s is about 2 percent. Because forward rates are affecting current interest rates and hence the current cost of capital relevant for business and residential investment, however, the fact that forward rates may not be unbiased predictors of future interest rates is not a concern.
Empirical Results
tions. The t statistics are based on standard errors using the Newey-West correction for heteroskedasticity and serial correlation; the lag truncation, based on automatic selection criteria, is 3 for the CBO data, and 2 for the OMB data. 6 The first two columns show the results for the largest data set, the CBO projections including the mid-year updates from 1985 on. The coefficient on the deficit-to-GDP ratio is 0.29 and its t statistic is large. The coefficient on the debt-to-GDP ratio is also highly significant, and as argued below, its size appears to be consistent with the estimated coefficient on the deficit-to-GDP ratio. Trend growth and the equity premium enter with statistically after the most intense phase of the disinflation had been completed. 7 As shown in column 1, the coefficient on the deficit-to-GDP ratio is slightly larger, and its t statistic very high.
The results shown in column 2 using the debt-to-GDP ratio are nearly identical to those for the full sample.
A different approach to assessing the role of the early 1980s is to use nominal yields as the dependent variable, and to include expected inflation as an additional regressor. As shown in columns 3 to 6, the coefficient on expected inflation is always estimated to be larger than 1. This finding may reflect a demand by investors for increased risk premia on nominal assets to compensate for greater uncertainty about future inflation when the current level of inflation is elevated (see e.g. Okun (1971) and Ball and Cecchetti (1990) ).
In addition, Feldstein (1976) points out that, because taxes are levied on nominal returns, nominal interest rates have to increase more than one-for-one with expected inflation. Consequently, in these regressions the implied effect of the rising deficits of the early 1980s on real interest rates is attenuated. This is because, relative to the earlier regressions in which is omitted. Comparing those results to the ones shown in the middle two columns of table 2, we find that the coefficients on both fiscal variables are quite similar whether one or both of the non-fiscal regressors are omitted. However, the coefficients on growth are essentially zero when the equity premium is omitted. For the theoretical reasons discussed in the previous section, I will continue to include both variables in the regressions. 8 A different concern is that the equity premium contains the real 10-year Treasury yield, and is therefore correlated with the residual. In the last two columns of table 3 I report results from regressions in which I use the lagged equity premium as instrument for the current equity premium. Compared to the results shown in the middle two columns of table 2, the only notable difference is that the t statistics on the equity premium fall to 1.7.
The results concerning the fiscal variables, however, are robust. on interest rates. 9 Once the first five years of the term structure are omitted, the point estimates using the 5-year-ahead 5-year yield are similar to those using the 5-year-ahead 10-year yield, but not as precise. 10 Finally, table 5 considers the effects of using two other combinations of fiscal variables.
The first column in table 5 addresses the concern of reverse causation from the interest rate to projected deficits through higher outlays on debt service. Here the regressor is the ratio of the primary deficit, defined as the projected deficit less projected net interest outlays, to projected GDP. The coefficient on the primary deficit is larger than the coefficient on the deficit shown in table 2, and its t statistic about the same. The second column shows 8 Qualitatively the same results obtain when using OMB projections, except that the coefficient on the debt-to-GDP ratio in the regression including growth remains significant at the 5% level, with a t statistic of 2.28. It should also be noted that the coefficient on trend growth remains significant in the regressions shown in tables 3 through 5 when the dependent variable is the real 5-year-ahead Treasury yield. 9 When using the real 10-year yield as dependent variable, however, the coefficients on the fiscal variables remain significant and of similar magnitude as those reported in the middle two columns of table 1, although their t statistics are lower than those reported there. 10 Again, the same conclusions obtain using OMB projections.
the results from including the projections for the primary deficit and total outlays, both expressed as percentage of GDP, in the regressions. The question is whether the effects of deficits on interest rates depend on whether the deficits are caused by spending increases or by changes in the timing of taxes. According to Ricardian equivalence, for example, changes in projected deficits without changes in government purchases should leave expected interest rates unchanged. If so, the coefficient on the projected deficit-to-GDP ratio in a regression including projected government purchases should be zero. By contrast, the coefficient on the deficit-to-GDP ratio shown in the second column is even higher than before, whereas that on projected total outlays is negative, but statistically insignificant. The sum of the coefficients on the two fiscal variables in column 2 is close to the coefficient on the projected deficit-to-GDP ratio in column 1, and its t statistic is 2.67. The counterintuitive sign on total outlays may in part reflect the fact that total outlays include transfer payments as well as government purchases. 11
Is the result that the estimated coefficients on the deficit-to-GDP ratio are about seven times as large as the ones on the debt-to-GDP ratio economically plausible? If increases in deficits were serially uncorrelated, so that the effect of a projected increase in the deficit on the stock of debt in subsequent years would be simply one for one, the coefficients on the deficit-to-GDP ratio and the debt-to-GDP ratio ought to be the same. But consider the opposite extreme, in which every increase in projected deficits is expected to be permanent.
The steady-state effect on the debt-to-GDP ratio of a permanent one percentage point increase in the deficit-to-GDP ratio is (1 + g)/g percent, where g is the net growth rate of nominal GDP. Over the sample 1976-2003, this growth rate averaged about 8 percent per year, implying that the coefficient on the deficit-to-GDP ratio ought to be 13.5 times as large as the coefficient on the debt-to-GDP ratio. The fact that the estimated coefficients on the deficit-to-GDP ratio are about seven times as large as those on the debt-to-GDP ratio is consistent with the view that investors perceive increases in projected deficit-to-GDP ratios as highly persistent (as they are in the historical data), but not strictly permanent. 11 The results shown in table 5 are nearly unaffected when using instead the real five-year-ahead 10-year yield as dependent variable.
Are the Results Consistent with Economic Theory?
A skeptical view of the evidence presented in the previous section would hold that the identification problems involved in these kinds of regressions are too severe to be ever completely overcome. One may therefore ask whether the empirical results can be reconciled with priors based on economic theory. One potential answer to this question, based on the neoclassical growth model, is sketched below; the argument is closely akin to the one developed in Elmendorf and Mankiw (1999) . 12 Because in the neoclassical growth model the real interest rate is determined by the capital-output ratio, the discussion below focuses on the link between the stock of debt and the capital stock, and assesses the plausibility of the results for the debt-to-GDP ratio reported in the previous section. As Elmendorf and Mankiw (1999) point out, however, whether it is deficits or debt that matter for the determination of interest rates depends ultimately on which model of consumer behavior one assumes. The analysis below therefore illustrates only one particular argument by which the empirical results can be related to economic theory.
Suppose that an increase in government debt reduces the private capital stock by a Moreover, recent studies in the vein of Feldstein and Horioka (1980) suggest that roughly two-thirds of saving in developed countries is retained for domestic investment in the long run, implying that capital inflows from abroad offset about one-third of the increase in debt.
Suppose, therefore, that c = 0.6. Then a one percentage point increase in the debt-to-GDP ratio raises the real interest rate by 2.1 basis points. This is only half of the effect reported in the regressions using the real interest rate as dependent variable, but only slightly less than the estimates reported in Tables 2 and 3 using the nominal interest rate as the dependent variable.
It should be noted, however, that the estimate of 2.1 basis points is conservative because it takes into consideration the endogenous response of output to the decline in the capital stock, but it omits the second-round effect that the debt-to-GDP ratio is effectively increasing by more than one percentage point. Moreover, as pointed out in the previous section, increases in projected deficits tend to be highly persistent, and hence a given increase in the 5-year-ahead projected debt-to-GDP ratio might be expected to be followed by larger increases in the debt-to-GDP ratio beyond five years into the future. If so, a percentage point increase in the debt-to-GDP ratio projected five years ahead should be associated with an increase in interest rates larger than the one implied by a percentage point increase in the steady state debt-to-GDP ratio predicted by the model.
Conclusions
This study has shown that statistically significant and economically plausible estimates of the effects of government deficits and debt on interest rates can be obtained by focusing on long-horizon forecasts of future deficits or debt, and future interest rates. The projections of deficits and debt published by the CBO and the OMB are arguably among the best publicly available forecasts for these variables. The effects of these projections manifest themselves at the longer end of the yield curve, as economic reasoning would predict. All else equal, the results of this study suggest that interest rates rise by about 25 basis points in response to a percentage point increase in the projected deficit-to-GDP ratio, and by about 4 basis points in response to a percentage point increase in the projected debt-to-GDP ratio. for their expectation of CPI inflation over the next ten years. Thus, while the series is not ideal for our purposes, it should provide a good measure of inflation expectations over either of the horizons of the nominal yield series described above. The series is extrapolated to monthly frequency, and is sampled in the months corresponding to the yield data. 
